Abstract. In most of the natural language processing tasks, state-ofthe-art systems usually rely on machine learning methods for building their mathematical models. Given that the majority of these systems employ supervised learning strategies, a corpus that is annotated for the problem area is essential. The current method for annotating a corpus is to hire several experts and make them annotate the corpus manually or by using a helper software. However, this method is costly and timeconsuming. In this paper, we propose a novel method that aims to solve these problems. By employing a multiplayer collaborative game that is playable by ordinary people on the Internet, it seems possible to direct the covert labour force so that people can contribute by just playing a fun game. Through a game site which incorporates some functionality inherited from social networking sites, people are motivated to contribute to the annotation process by answering questions about the underlying morphological features of a target word. The experiments show that the 63.5% of the actual question types are successful based on a two-phase evaluation.
Introduction
In most of the natural language processing tasks, state-of-the-art systems usually rely on machine learning methods for building their mathematical models [1] . Given that the majority of these systems employ supervised learning strategies, a corpus that is annotated for the problem area is essential.
But having a relevantly annotated corpus is not enough on its own. The corpus must have a number of crucial features. First, it must include a set of carefully selected examples so that the method can train the model without bias. For the training to be successful, the corpus must include a set of examples. The size of the set is mainly determined by the characteristics of the training method itself. In addition to be sufficient for training, the corpus must not introduce bias to the trained model. Second, the corpus must be free of errors. While some methods may be resistant to several kinds of errors in the corpus, in most cases the errors prevent the method from training the model to its maximum extent.
When we recognize the crucial value of an error-free corpus with a vast number of examples in solving natural language processing tasks, the task of building a corpus with these properties gains importance. The most prominent method of building corpora today is to divide the work among experts and wait for them to finish their work [2] . However, it can be argued that this method is flawed in a number of points. First of all, this method dictates that the people who work on the work units must be experts in their field. Furthermore, they must be trained for this task. However, finding and training an expert is costly and time consuming. Even if we were successful in finding and hiring experts to work on building the corpus, there are other things that hinder the process. For example, the annotation patterns of two experts -even if they are highly experienced in the area-may be very different resulting in inconsistent annotation. We can expect to observe this situation especially in small and spontaneous annotation projects, where experts do not work in pairs and do not correct inconsistencies introduced by other experts later.
As a result of these problems, the process of building a corpus with the current methods is slow and expensive, if not low quality. This in turn impacts the rate of natural language processing research as well as its scope. This paper recognizes this problem as an important hindrance to the further development of natural language processing research and proposes a new method for building corpora.
We chose the morphological disambiguation of Turkish as the target domain. Morphological disambiguation problem is to select the correct morphological parse of a word in a given context among all of the possible parses of a word. We had two reasons for selecting this domain. First, this problem is at the core of other Turkish natural language processing tasks, i.e. parsing, speech recognition and sense tagging to name a few. Second, we have access to a corpus already tagged, which enabled us to test our results. In fact, the annotated corpus [3] is one of the very few annotated corpora in Turkish.
In this paper, we propose a novel system which incorporates a collaborative game for the morphological disambiguation of Turkish language. The game addresses the issues stated above and has two modes, one with a single player, where quiz-like questions are answered; the second is a two person game where one tries to explain a concealed word to the other, meanwhile answer some questions that are valuable for our annotation needs. The game is open to anyone and hosted on a publicly accessible web server.
We continue with the related literature on the subject in Section 2. Section 3 describes the game and the overall system that encapsulates the game in detail. Section 4 describes the experiment's setup and the obtained results. In Section 5, we draw conclusions and discuss some further research topics to be pursued.
In [4] , a game in which players are matched up with each other randomly and expected to win points by matching their inputs when viewing the same image simultaneously is described. Given that no other means of communication is possible, the most obvious thing to input is the most distinctive figure in the image. It posed a nice challenge, this caused people to have a lot of fun and some of them eventually grew an addiction which lead to a very effective and fast way of labeling images on the web. This is the seminal work which introduced the idea of turning particular problems into games that people enjoy by harvesting the "wasted human-cycles"
1 . Later games by Luis von Ahn further extended the idea to various areas. Peekaboom [5] utilizes the idea to mark the portions of the images that depict target labels. Phetch [6] collects text descriptions of images by making one player describe the image and a group of players to simultaneously guess from the set of images they are confronted by a search engine result. Verbosity [7] collects facts about objects again by exploiting the collaborative game play method explained before. In Verbosity, one player tries to get the other player to guess the secret word that is exposed to her. Clues to the other user are given with predefined sentence templates like "it contains ". When the blanks are filled with appropriate content, this input conveys a fairly significant description about the secret word. Last game that Ahn designed is Tagatune [8] . It aims to transform the work of tagging music clips into a game. It works much like ESP Game. But it seems like it could not be that successful mainly because it is difficult to agree on a common word to describe the clip and listening to a sound could take a bit and become boring.
In [9] , a method for collecting alternative forms of phrases, namely paraphrases is discussed. For achieving their goal, they develop a web site where people cooperate. The most important component of the system is their partial hinting system. By default, they already have 2-3 paraphrases. But they want to increase this number. This is achieved with partial hints. At the start of the game, no hint is given and users are expected to enter paraphrases of their own. If they are able to guess the already known paraphrases, this contributes to the confidence of that paraphrase. Otherwise, the contribution is stored as a new paraphrase to be guessed by other contributors. This much like resembles social bookmarking sites in which each contribution is accumulated and more submissions of the same contribution reinforces the importance of it. After guessing a paraphrase, if it is unsuccessful, the partial hinting mechanism reveals 33 per cent of the already obtained paraphrases like "this ... help". In [10] , five design decisions are introduced. First, it is important to fine tune templates which will collect semantic information (abstract morphological data in our case). Besides fine tuning, it is necessary to provide guidance to users. It is also advisable to break the annotation process into several steps to be able to distribute the work among users. This way multiple users can validate the annotations. Also it would be good to have a way to automatically repair the contributions at least to some extent.
In [11] , it is suggested to have a reward mechanism, which is not only instant rewards after successful annotation but also awards points when another player makes the same annotation at some future time.
A semi-collaborative approach to corpus annotation is described in [12] . But the system simply acts as a data repository that can be accessed simultaneously both online or offline ([13] is also similar in this way). This makes the system miss the collaboration possibility. However, a well thought mechanism is implemented: the contributors are presented with a readily annotated text which is output by a program which accomplishes the task that the collected corpora will help developing programs for. We think this can be further extended to incorporate active learning in the system.
A work by Gülşen Eryiǧit [14] describes a standalone (non-web) program which can be used as a tool for dedicated contributors. Relying on specially trained people to annotate the corpus is destined to be slow and costly, despite the increase in speed by using this tool.
In [15] , several users can annotate the corpus individually, and later one "consensus user" selects the best annotation. Thus, we think the cooperation aspect of the project is not incorporated by design. Additionally, contribution requires specialized knowledge in the area and no ordinary user can help readily.
As our focus in the paper is to build an unambigously annotated corpus for morphological disambiguation of Turkish, we would like to list some of the current approaches to the problem. A trigram-based statistical model is presented in [16] . In [17] , a decision list induction algorithm is introduced for performing morphological disambiguation. There are also several constraint-based methods for disambiguation [18, 19] . Another method employs a perceptron algorithm for morphological disambiguation [20] . We use the tool produced by this study as a morphological parser ranging from preparing the corpus to the online question generation.
The Game
We continue with elaborating on the crucial properties which the game must possess. First of all, the game must be playable by ordinary people who are not necessarily educated in the field. This means that we have to find a way to break up the disambiguation process into pieces to be able to tailor the process for non-experts.
At this point, we assume that humans are equipped with a covert ability to sense the correct parse of the word. This ability is learned in the childhood but there is no known way of consistently describing this ability so that it can be programmed to be executed on computers. Thus it seems reasonable to generate all possibilities with a morphological parser and then somehow make the user select the correct parse. One problem here is that these parses cannot be directly understood by a person without knowledge on the subject. Given the facts that humans covertly "know" to separate the good parses form the bad parses and that the raw parses are not sufficiently clear, we find it useful to form questions acting as an abstraction layer between the user and the raw parses. Thus, we propose to discard bad parses from the set of parses by asking questions of two types; yes/no questions and multi-option questions. These questions must be prepared so that they are automatically generated for any word in the corpus and be clearly understood by the users. By asking this question to a statistically sufficient number of users, we became assured whether the parses that are to be discarded will be discarded or not.
Possibly there will be other questions, because one question will discard only a portion of the set of all possible parses. However, after aggregating the users' answers for these questions, we will have discarded all the bad parses. This means that we have finished disambiguation and left with the correct parse.
In conclusion, our game is capable of generating questions for the words in the corpus automatically. These questions are asked in several stages of both the single and two player game. After aggregating sufficient number of answers, the correct parse of the corpus word is detected.
An additional aspect of the game is that it must be publicly accessible by our target population. To provide this, we chose to host the game on a web site which is accessible at any time of the day and without device restriction. One can access the site by just having the standard equipment which is used to browse the web, namely web browsers. Moreover, we allow people to access our game without formal introduction or qualification tests. This is unlike the previous corpus annotation efforts in which nearly all of them require their contributors to be known and recognized by the people responsible with the process. If we recall that they also usually require the contributors to come to a special office where the work is done, the advantage of our approach is recognized better. In summary, we host the game on a publicly accessible site and allow anyone to join and start the annotation. This in turn makes the potential level of participation (thus work accomplished) much higher than the previous annotation methods. If we take into account that the Internet is maybe the most frequently utilized time killing activity, we can assume this potential to grow even more.
Motivation of the users is another issue which is very closely related with the game design and the site that it is contained. We have two basic notions for building and nourishing motivation.
The first is fun. If the game is fun enough, people will begin to grow an addiction to the game instead of other time spending activities which sometimes can be boring in themselves. To provide the fun element to the game, we introduce a special stage in the game. This stage contains similar elements from Taboo and a famous game in which you try to explain some film title to the audience without speaking. As you might recall, in Taboo, similar to the game about explaining film titles, you are trying to convey a specific concept to the audience without using some words which are prohibited from using -even parts of it. This stage of the game, we call it as the taboo stage for simplicity, is activated only when playing the two player game. One of the users are chosen as the teller and the other as the guesser. The objective of the teller is to give clues about some specific word to the guesser to accomplish her own objective which is to guess the word as fast as possible. The word that is to be conveyed is actually a word in its sentence context. The sentence is shown to both players. But, obviously, the word in question is concealed from the guesser. The two players enjoy a sense of cooperation while the teller gives clues and the guesser tries word after word. At the same time, they are challenged with a time limit that keeps them alive and attached to the game.
The other aspect of the game which is thought to increase motivation is competition. Naturally, people tend to compete with other people when challenged with a fairly hard problem. The key point here is to design the game so that it is neither too hard nor too easy. We employed several methods for building motivation. The run against the time limit in Stage 2 is itself a competitive factor. In that stage, players compete against the time cooperating with the other player. This forms the basic motivation for the game. Another method is to build motivation by introducing competition based on group membership. This idea is based on the fact that it is known that people form around groups to enjoy group membership advantages. These advantages can vary from just declaring that someone is a member of a prestigious group to gaining benefits for themselves by using the connections among the group. The site which the game is embedded provides users a way to create and join groups as they wish. People can create groups to represent their school, their football team or a way of thinking. People can also do this for completely arbitrary groups. When a group is created, anyone who wants to join is allowed, and as a result the points that are earned by that user are added to the total points of the group. Competition among the groups are thus constituted. We expect to see the total motivation to build up as a result of this competition.
Another dimenson of the competition factor in the game is to focus on individual representation. As it can be guessed, besides group membership, people pay attention to keep their online presences in a state which is desirable by other people. And to do that, people may want to devote a lot of time to earn high points in a game if the result is to be presented to a lot of audience as a highly skilled person. Thus, in order to exploit this behaviour, we present the highest scoring ten users on the home page of the game site. We assume that people will be motivated to get into that list.
Single Player Game
In single player game mode, the player is first shown a sentence from the corpus. One of the words in the sentence is marked with a distinctive color, namely red. The player is asked a question that is designed to detect a morphological feature of the indicated word. The answer of the player is stored, the player is awarded 50 points, and the game advances. The next stage is actually the same as the previous stage but this time another word from another sentence is selected and displayed along with its context. The game continues until it is ended by the player herself.
The target words are selected so that it is made sure that every type of question gets a statistically significant number of answers. To make the player answer in a reasonable time, there is a time limit on this stage which was set to two minutes during the experiment.
Two Player Game
Before starting a two player game, the system matches two users who indicate that they are willing to join a two player game session. After a pair is matched up, they are registered for the same game session. The game session consists of games that are played consequently. The rules of winning a game session is that you have to win all the ten games in a row. If you are not able to win a game in the process, you are not allowed to go to the next game and as a result the game session ends.
We call one of the players as "the teller", the other as "the guesser" throughout a game.
A game of two player mode consists of three stages:
1. the question is asked to the teller 2. the taboo stage 3. the question is asked to the guesser Stage 1 is basically the same with the single game mode which is explained in Section 3.1. The answer submitted by the player is stored and the player is awarded 50 points. Then, the game advances to the next stage. Meanwhile, the guesser waits for the teller to answer the question while the game displays the same sentence but the target word is concealed. This is to warm up the guesser to Stage 2 and help her to build up some excitement instead of waiting tediously.
In Stage 2 which we call the taboo stage, the same sentence and the indicated word is shown to the teller. But the guesser still does not see the concealed word. The objective of this stage is to operate collaboratively to guess the word as quick as possible. Through an interface which they can communicate simultaneously, the teller tries to give as many clues as possible while the guesser acts upon these clues to guess the target word.
The interface for the teller is different from the interface of the guesser. While the guesser can only utilize a single text box to submit her guesses, the teller's interface contains much more text boxes (see Figure 1 ). There are a total of nine boxes which the teller can fill with clues. However, each of these boxes differ in the meaning they convey when used. The first box is for clues that are input in free form. While it would be sufficient for the communication between the users, we design the remaining boxes so that each of them reflects another semantic relation between the clue input and the target word itself. We call them clue templates.
The motivation behind these additional text boxes is to gather more finegrained information about the target word. In fact, we see this is a side effect of the proposed game. A game feature which we add to make the game fun turns out to be helpful for another purpose in the end. This extra information about the word itself possibly can be used for sense tagging. We include the actual decriptive text on two of these clue templates and the meanings associated in Table 1 . The points you get is higher if you use the text boxes which correspond to semantic relations. The actual numbers are 5 to 50 points which indicates a factor of ten between the two numbers. We had to implement a filter to prevent cheating using these boxes. If we recall the experience obtained from previous work, the participants in these kind of games that offer you fame and some kind of identity representation medium often try to cheat to get those awards more easily (see [4] ). The filtering mechanism works like this: First it is checked whether the clue text as a whole can be found in the text of target word, if it is found, the clue is discarded. If it is not, it is checked whether the text of target word can be found in the clue text, if it is found, the clue is discarded, otherwise the clue is accepted. When the clue is discarded, it is not shown to the other user not even partly.
While the interfaces for the teller and the guesser differ generally, there is indeed a widget which is common to both of them. This widget displays the conversation between the teller and the guesser in a sequential manner. As a new guess or clue is submitted, the widget is updated.
We chose a time limit of ten minutes for this stage. This limit is intended to encourage participation in fear of not being able to complete the stage. As you might expect, this stage continues until either the time limit expires or the pair succeeds in guessing the word correctly. Regardless of the situation, we advance to the next stage. However, if they could not guess the target word, the whole game session finishes after the next stage. Each guess from the guesser receives 10 points. Each free text clue is awarded by giving out 5 points. However, if the clue is submitted using the clue templates, the teller earns 50 points. When the pair successfully guess the target word, they receive 500 points.
In the third and the last stage of this game, the guesser is exposed the same question as the teller in Stage 1. None of the settings differ from Stage 1. Basically, the stage is designed to guarantee obtaining answers from different people for each question. After Stage 3 is finished, the game session goes on with another game if the target word is guessed successfully in Stage 2. If the number of consequent games that were successful reaches ten, we say that the game session finishes successfully and the pair is taken back to the game lounge with a greeting note. As a result of this row of winning games, they are both awarded 5000 points. On the other hand, in case Stage 2 was unsuccessful, the game session is finished and they receive no points. 
Results
The experiment had been done through a game site which is accessible publicly on the web 2 . While it is continuing its operation, we only use the data collected between 29 June 2009 and 9 July 2009, approximately 6000 answers.
According to our experiment plan, we prepared two lists of each having an instance of 74 possible question types and collected about 30 answers for each of them. By doing this, we were able to assess the quality of the questions over two instances, calling the first as Phase 1, and the second as Phase 2. We had to resort to this plan because after speculating on the expected number of visitors, we calculated that it could be infeasible to evaluate our method on the basis of complete disambiguation.
To understand the success criterion of a question, we must first explain the question generation methodology. To generate a question, we first start with enumerating the set of all morphological parses of the word by using a morphological analyzer. We then transform it into a tree. After this transformation, the detection of junction points by observation rules results in abstract objects called observations (see Figure 2) . These observations are then matched with question rules. Each matched question rule is applied to the word to generate the unique questions which are tailored solely for determining the correct way to choose in the junction that is represented by the observation. After 30 people answer the question, we agree on the option with most submissions. We verify this agreement answer by checking whether the correct parse reported in the corpus contains the resolution parse tag that is attached to each option.
We calculate the rate of successful questions in Phase 1 as 79.7 per cent. This figure is realized as 71.6 per cent in Phase 2. However, we want to report that a little modification to the definition of a successful question would increase these values to 87.8 per cent and 79.7 per cent. This modification would be to discard the answers of type 'None' or 'I did not understand the question' if they are the highest ones. We observed that this modification increases the rates but in any way we did not change the evaluation method so that to allow an elaboration. When we look at the combined results of these two phases, we see that the percentage of question types that are successful in both of these phases is 63.5 per cent.
There were 400 users registered on the site at the end of the experiment period. A total of 5284 games were played of which 4784 of them was in single player mode. Although the total number of clue templates were utilized only to a certain extent, the users who employed them used 3 templates on average. Experiments show that average time required to answer a question in Stage 1 or 3 took around 36 seconds and the most of the pairs completed Stage 2 well below 60 seconds as can be seen in Figure 3 .
Conclusion and Future Work
In this work, a game for morphological annotation of a Turkish corpus is developed. This is the first work that incorporates human computation methods in corpus annotation. The game is meant to be played by two players simultaneously over the Internet. Basically, the annotation is done by collecting answers to questions that are automatically created based on a number of templates prepared manually. In one of the three stages of the two player game mode, one of the players has to describe the target word to the other player trying to collaboratively guess the word as fast as possible. The answers to the questions posed in the other stages are then analyzed statistically and an aggregation of aggreement answers is built which in turn results in a complete morphological disambiguation. The game is hosted on a publicly accessible web site. The results reported in the paper are compiled from the data obtained between 29 June 2009 and 9 July 2009. The evaluation was done by assesing the performance of all question types over two instances. The reported success rate over the two phases is 63.5%.
As a future work, we see that incorporating an awarding system that can measure the performance of the players and award accordingly can be more facilitating. Also, a method for measuring the difficulty of a question or at least categorizing them by hand would enable us to modify the game so that the levels become harder and harder, thus making the game more challenging. Another important future work is to host the game in a site with a high number of daily visitors to test our method in a real setting and succeed in a complete disambiguation of arbitrary text.
